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@ The operation of an FCC process and apparatus 
is improved by providing a low volume dilute dis- 
engagement zone in a reactor vessel containing a 
vented riser that provides an open discharge of 
catalyst and gaseous products into the upper region 
of the reactor vessel. In the improved system, the 
interior of the reactor vessel is arranged such that 
the outlet of the reactor riser is located close to and 
directed at the top of the reactor vessel, the reactor 
vessel operates with a dense bed of catalyst having 
an upper bed level that is only a short distance 
below the outlet of the reactor riser and the cyclone 
separators are located to the outside of the reactor 
riser and circulate catalyst back to the dense bed of 
the reactor section. 
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FIELD OF THE INVENTION 

This invention relates generally to processes 
for the fluidized catalytic cracking (FCC) of heavy 
hydrocarbon streams such as vacuum gas oil and 
reduced crudes. This invention relates more spe- 
cifically to a method for reacting hydrocarbons in 
an FCC reactor and separating reaction products 
from the catalyst used therein. 

BACKGROUND OF THE INVENTION 

The fluidized catalytic cracking of hydrocar- 
bons is the main stay process for the production of 
gasoline and light hydrocarbon products from 
heavy hydrocarbon charge stocks such as vacuum 
gas oils or residual feeds. Large hydrocarbon mol- 
ecules, associated with the heavy hydrocarbon 
feed, are cracked to break the large hydrocarbon 
chains thereby producing lighter hydrocarbons. 
These lighter hydrocarbons are recovered as prod- 
uct and can be used directly or further processed 
to raise the octane barrel yield relative to the heavy 
hydrocarbon feed. 

The basic equipment or apparatus for the 
fluidized catalytic cracking of hydrocarbons has 
been in existence since the early 1 940's. The basic 
components of the FCC process include a reactor, 
a regenerator and a catalyst stripper. The reactor 
includes a contact zone where the hydrocarbon 
feed is contacted with a particulate catalyst and a 
separation zone where product vapors from the 
cracking reaction are separated from the catalyst. 
Further product separation takes place in a catalyst 
stripper that receives catalyst from the separation 
zone and removes entrained hydrocarbons from 
the catalyst by counter-current contact with steam 
or another stripping medium. The FCC process is 
carried out by contacting the starting material 
whether it be vacuum gas oil, reduced crude, or 
another source of relatively high boiling hydrocar- 
bons with a catalyst made up of a finely divided or 
particulate solid material. The catalyst is trans- 
ported like a fluid by passing gas or vapor through 
it at sufficient velocity to produce a desired regime 
of fluid transport. Contact of the oil with the fluidiz- 
ed material catalyzes the cracking reaction. During 
the cracking reaction, coke will be deposited on the 
catalyst. Coke is comprised of hydrogen and car- 
bon and can include other materials in trace quan- 
tities such as sulfur and metals that enter the 
process with the starting material. Coke interferes 
with the catalytic activity of the catalyst by blocking 
active sites on the catalyst surface where the 
cracking reactions take place. Catalyst is tradition- 
ally transferred from the stripper to a regenerator 
for purposes of removing the coke by oxidation 
with an oxygen-containing gas. An inventory of 



catalyst having a reduced coke content, relative to 
the catalyst in the stripper, hereinafter referred to 
as regenerated catalyst, is collected for return to 
the reaction zone. Oxidizing the coke from the 

5 catalyst surface releases a large amount of heat, a 
portion of which escapes the regenerator with gas- 
eous products of coke oxidation generally referred 
to as flue gas. The balance of the heat leaves the 
regenerator with the regenerated catalyst. The 

io fluidized catalyst is continuously circulated from 
the reaction zone to the regeneration zone and 
then again to the reaction zone. The fluidized cata- 
lyst, as well as providing a catalytic function, acts 
as a vehicle for the transfer of heat from zone to 

75 zone. Catalyst exiting the reaction zone is spoken 
of as being spent, i.e., partially deactivated by the 
deposition of coke upon the catalyst. Specific de- 
tails of the various contact zones, regeneration 
zones, and stripping zones along with arrange- 

20 ments for conveying the catalyst between the var- 
ious zones are well known to those skilled in the 
art. 

In order to obtain catalyst flow between the 
reactor and regenerator, a certain pressure balance 

25 is needed between the two vessels. Catalyst trans- 
ferred to the regenerator is driven by the pressure 
in the upper section of the reactor vessel and the 
head of catalyst in the flow path from the reactor 
vessel to a control valve that controls the amount of 

30 catalyst entering the regenerator. Catalyst transfer 
from the regenerator to the riser is similarly driven 
by the pressure in the regenerator vessel and the 
head of catalyst in the flow path between the 
regenerator vessel and the bottom of the riser. 

35 There is usually a 4-10 psi (27.5-68.9 kPa) dif- 
ference in pressure between the bottom of the riser 
and the top of the reactor vessel. Increases in 
pressure in the regenerator result in a correspond- 
ing increase in the pressure in the reactor. Any 

40 pressure increase of the regenerator relative to the 
reactor will be limited by the catalyst head in the 
flow path of the catalyst from the reactor to the 
regenerator. This interdependence of pressure of- 
ten does not provide the most favorable pressure 

45 conditions in both the reactor and the regenerator. 
Low pressures are generally favored in the riser. 
Low pressures in the riser improve volatilization of 
the hydrocarbons and product yields. On the other 
hand, high pressures are favored in the regenerator 

so to increase the coke burning capacity and improve 
the kinetics for coke burning. However, it is not 
possible to raise regenerator/reactor pressure dif- 
ferentials beyond a limited range due to the eleva- 
tion of the available static catalyst head in the 

55 reactor vessel and stripper. 

The rate of conversion of the feedstock within 
the reaction zone is controlled by regulation of the 
temperature of the catalyst, activity of the catalyst, 
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quantity of the catalyst (i.e., catalyst to oil ratio) 
and contact time between the catalyst and feed- 
stock. The most common method of regulating the 
reaction temperature is by regulating the rate of 
circulation of catalyst from the regeneration zone to 
the reaction zone which simultaneously produces a 
variation in the catalyst to oil ratio as the reaction 
temperatures change. That is, if it is desired to 
increase the conversion rate, an Increase in the 
rate of flow of circulating fluid catalyst from the 
regenerator to the reactor is effected. 

The hydrocarbon product of the FCC reaction 
is recovered in vapor form and transferred to prod- 
uct recovery facilities. These facilities normally 
comprise a main column for cooling the hydrocar- 
bon vapor from the reactor and recovering a series 
of heavy cracked products which usually include 
bottom materials, cycle oil, and heavy gasoline. 
Lighter materials from the main column enter a 
concentration section for further separation into ad- 
ditional product streams. 

Improvements in the reduction of product 
losses and the control of regeneration temperatures 
have been achieved by providing multiple stages of 
catalyst stripping and by raising the temperature at 
which the catalyst particles are stripped of products 
and other combustible compounds. Both of these 
methods will increase the amount of low molecular 
weight products that are stripped from the catalyst 
and will reduce the quantity of combustible material 
in the regenerator. A variety of arrangements are 
known for providing multiple stages of stripping 
and heating the spent catalyst to raise the tempera- 
ture of the stripping zone. With increasing fre- 
quency it is being proposed to raise the tempera- 
ture of the stripping zone by mixing the spent 
catalyst with hot regenerated catalyst from the re- 
generation zone. 

As the development of FCC units has ad- 
vanced, temperatures within the reaction zone were 
gradually raised. It is now commonplace to employ 
temperatures of 525°C (975°F). At higher tempera- 
tures, there is generally a loss of gasoline compo- 
nents as these materials crack to lighter compo- 
nents by both catalytic and strictly thermal mecha- 
nisms. At 1025°F (525°C), it is typical to lose 1% 
on the potential gasoline yield due to gasoline 
components thermally cracking into lighter hydro- 
carbon gases. As temperatures increase, to say 
1025°F (550°C), most feedstocks lose up to 6% or 
more of the gasoline yield due to thermal cracking 
of gasoline components. 

One improvement to FCC units, that has re- 
duced the product loss by thermal cracking, is the 
use of riser cracking. In riser cracking, regenerated 
catalyst and starting materials enter a pipe reactor 
and are transported upward by the expansion of 
the gases that result from the vaporization of the 



hydrocarbons, and other flutdizing mediums if 
present, upon contact with the hot catalyst. Riser 
cracking provides good initial catalyst and oil con- 
tact and also allows the time of contact between 

5 the catalyst and oil to be more closely controlled 
by eliminating turbulence and backmixing that can 
vary the catalyst residence time. An average riser 
cracking zone today will have a catalyst to oil 
contact time of 1 to 5 seconds. A number of riser 

w designs use a lift gas as a further means of provid- 
ing a uniform catalyst flow. Lift gas is used to 
accelerate catalyst in a first section of the riser 
before introduction of the feed and thereby reduces 
the turbulence which can vary the contact time 

15 between the catalyst and hydrocarbons. 

The benefits of using lift gas to pre-accelerate 
and condition regenerated catalyst in a riser type 
conversion zone are well known. Lift gas typically 
has a low concentration of heavy hydrocarbons, i.e. 

20 hydrocarbons having a molecular weight of C3 or 
greater are avoided. In particular, highly reactive 
type species such as C3 plus olefins are unsuitable 
for lift gas. Thus, lift gas streams comprising steam 
and light hydrocarbons are generally used. 

25 Riser cracking whether with or without the use 

of lift gas has provided substantial benefits to the 
operation of the FCC unit. These can be summa- 
rized as a short contact time in the reactor riser to 
control the degree of cracking that takes place in 

30 the riser and improved mixing to give a more 
homogeneous mixture of catalyst and feed. A more 
complete distribution prevents different times for 
the contact between the catalyst and feed over the 
cross-section of the riser such that some of the 

35 feed contacts the catalyst for a longer time than 
other portions of the feed. Both the short contact 
time and a more uniform average contact time for 
all of the feed with the catalyst has allowed over- 
cracking to be controlled or eliminated in the reac- 

40 tor riser. 

Unfortunately, much of what can be accom- 
plished in the reactor riser in terms of uniformity of 
feed contact and controlled contact time can be 
lost when the catalyst is separated from the hy- 

45 drocarbon vapors. As the catalyst and hydrocar- 
bons are discharged from the riser, they must be 
separated. In early riser cracking operations, the 
output from the riser was discharged into a targe 
vessel. This vessel serves as a disengaging cham- 

50 ber and is still referred to as a reactor vessel, 
although most of the reaction takes place in the 
reactor riser. The reactor vessel has a large vol- 
ume. Vapors that enter the reactor vessel are well 
mixed in the large volume and therefore have a 

65 wide residence time distribution that results in rela- 
tively long residence times for a significant portion 
of the product fraction. Product fractions that en- 
counter extended residence times can undergo ad- 
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ditional catalytic and thermal cracking to less desir- 
able lower molecular weight products. 

In an effort to further control the contact time 
between catalyst and feed vapors, there has been 
continued investigation into the use of cyclones 
that are directly coupled (see U.S. Patent No. 
4,737,346) to the end of the reactor riser. This 
direct coupling of cyclones to the riser provides a 
quick separation of most of the product vapors 
from the catalyst. Therefore, contact time for a 
large portion of the feed vapors can be closely 
controlled- One problem with directly coupling cy- 
clones to outlet of the reactor riser is the need for a 
system that can handle pressure surges from the 
riser-see U.S. Patent No. 4,624,772 for an exam- 
ple. These pressure surges and the resulting tran- 
sient increase in catalyst loading inside the cy- 
clones can overload the cyclones such that an 
unacceptable amount of fine catalyst particles are 
carried over with the reactor vapor into downstream 
separation facilities. Therefore, a number of ap- 
paratus arrangements have been proposed for di- 
rect coupled cyclones that significantly complicate 
the arrangement and apparatus for the direct coup- 
led cyclones, and either provide an arrangement 
where a significant amount of reactor vapor can 
enter the open volume of the reactor/vessel or 
compromise the satisfactory operation of the cy- 
clone system by subjecting it to the possibility of 
temporary catalyst overloads. 

Although direct coupled cyclone systems can 
help to control contact time between catalyst and 
feed vapors, they will not completely eliminate the 
presence of hydrocarbon vapors in the open space 
of a reactor vessel. Product vapors are still present 
in this open space from the stripped hydrocarbon 
vapors that are removed from the catalyst and pass 
upwardly into an open space above the stripping 
zone. The amount of hydrocarbon vapors is also 
increased by direct coupled cyclone arrangements 
that allow feed vapors to enter the open space that 
houses the cyclones. Since the dilute phase vol- 
ume of the reactor vessel remains unchanged 
when direct coupled cyclones are used and less 
hydrocarbon vapors enter the dilute phase volume 
from the risers, the hydrocarbon vapors that do 
enter the dilute phase volume will be there for 
much longer periods of time when a direct coupled 
cyclone system is used. (The terms "dense phase" 
and "dilute phase" catalysts as used in this ap- 
plication are meant to refer to the density of the 
catalyst in a particular zone. The term "dilute 
phase" generally refers to a catalyst density of less 
than 20 lbs/ft 3 (480 kg/m 3 ) and the term "dense 
phase" refers to catalyst densities above 30 lbs/ft 3 
(480 kg/m 3 ). Catalyst densities in the range of 20 to 
30 lbs/ft 3 (320 to 480 kg/m 3 ) can be considered 
either dense or dilute depending on the density of 



the catalyst in adjacent zones or regions.) In other 
words, when a direct coupled cyclone system is 
used, less product vapors may enter the open 
space of the reactor vessel, but these vapors will 

5 have a much longer residence time in the reactor 
vessel. As a result, any feed components left in the 
reactor vessel are substantially lost to overcracking. 

The very low gas flow rate through the reactor 
vessel can also promote coke deposition on the 

10 interior of the vessel. The long residence time of 
heavy hydrocarbons at relatively high temperature 
in the upper section of the reactor vessel promotes 
the formation of coke. These coke deposits inter- 
fere with the function of the reactor vessel by 

15 forming thick deposits on the interior of the vessel 
thereby insulating and locally cooling portions of 
the metal shell. Such locally cooled portions pro- 
mote the condensation of corrosive materials that 
can damage the reactor vessel. In addition, other 

20 problems are created by the large coke deposits 
which can, from time to time, break off in large 
chunks and block the flow of catalyst through the 
vessels or conduits. 

One apparatus that has been known to promote 

25 quick separation between the catalyst and the va- 
pors in the reactor vessels is known as a ballistic 
separation device (see U.S. Patent No. 4,792,437) 
which is also referred to as a vented riser. The 
structure of the vented riser in its basic form con- 

30 sists of a straight portion of conduit at the end of 
the riser and an opening that is directed upwardly 
into the reactor vessel with a number of cyclone 
inlets surrounding the outer periphery of the riser 
near the open end. The apparatus functions by 

35 shooting the high momentum catalyst particles past 
the open end of the riser where the gas collection 
takes place. A quick separation between the gas 
and the vapors occurs due to the relatively low 
density of the gas which can quickly change direc- 

40 tions and turn to enter the inlets near the periphery 
of the riser (see U.S. Patent No. 4,295,961) while 
the heavier catalyst particles continue along a 
straight trajectory that is imparted by the straight 
section of riser conduit The vented riser has the 

45 advantage of eliminating any dead area in the 
reactor vessel where coke can form while providing 
a quick separation between the catalyst and the 
vapors. However, the vented riser still has the 
drawback of operating within a large open volume 

so in the reactor vessel. 

The problem addressed by the present inven- 
tion is the need to obtain a quick separation be- 
tween catalyst and product vapors leaving an FCC 
riser in a system that minimizes overcracking of 

65 product vapors and the carryover of fine catalyst 
particles with the product vapors. 
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BRIEF DESCRIPTION OF THE INVENTION 

It is an object of this invention to reduce the 
hydrocarbon residence time in a reactor vessel. 

It is another object of this invention to improve 
the operation of a vented riser in the separation of 
catalyst and hydrocarbon vapors. 

A further object of this invention is to control 
the residence time in a reactor vessel section of an 
FCC reaction zone. 

This invention is an FCC process that is ar- 
ranged so that the outlet end of a reactor riser 
discharges into an upper portion of a reactor vessel 
that functions as an open disengagement zone and 
the discharge end of the reactor riser is located 
near the top of a dense catalyst bed in the reactor 
vessel. This arrangement is facilitated by putting 
the cyclones or gas solid separators on the outside 
of the reactor vessel. It has been discovered that 
when a vented riser is used in combination with 
externally located cyclones or separation devices 
the upper level of a dense catalyst bed can be 
maintained near the top of a reactor vessel. The 
high level of the dense catalyst bed relative to the 
riser outlet reduces the ditute phase volume in the 
disengagement vessel so that hydrocarbon resi- 
dence time is reduced and the reactor vessel 
height required above the dense bed level is de- 
creased. 

The decreased height of the dilute phase in the 
reactor vessel offers a number of benefits. The 
decreased dilute phase height can shorten the re- 
actor vessel and its overall elevation. Alternately, 
the overall elevation of the reactor vessel can be 
maintained and the additional height can be used 
to maintain a longer vertical length for the dense 
catalyst phase. Additional catalyst stripping can be 
performed in the additional length of dense catalyst 
bed. In addition, an increased height of dense 
catalyst increases the pressure drop between the 
reactor vessel and the regenerator control valve so 
that higher regenerator pressures can be main- 
tained without raising the pressure in the reactor 
zone. The dense bed level is also susceptible to a 
substantial degree of variation so that the overall 
residence time of hydrocarbon vapors in the reac- 
tor vessel can be adjusted. This permits the use of 
very short residence time for certain feedstocks 
and an increase in residence time for more refrac- 
tory feedstocks without a variation in the feed rate 
to the reactor riser. These benefits show that this 
invention will provide much of the same improve- 
ment offered by direct coupled cyclones in regard 
to reducing overcracking while giving a much 
greater degree of flexibility that is combined with 
the increased reliability of an open discharge type 
reactor riser. 



Accordingly in one embodiment, this invention 
is a process for the fluidized catalytic cracking of 
an FCC feedstock. The process includes the steps 
of passing the FCC feedstock and catalyst particles 

5 to a reactor riser having an effective riser outlet 
diameter, transporting the catalyst and feedstock 
upwardly through the riser thereby converting the 
feedstock to a gaseous product stream, and pro- 
ducing spent catalyst particles by the deposition of 

10 coke. The mixture of spent catalyst particles and 
gaseous products are discharged into a reactor 
vessel in an upward direction from a discharge end 
of the riser located from 1 to 12 outlet riser diam- 
eters below the upper end of the reactor vessel 

15 thereby providing an initial separation of the spent 
catalyst from the gaseous products. The separated 
catalyst passes downward through the vessel 
where it is maintained as a dense catalyst bed to 
form a stripping zone while a stripping gas passes 

20 upwardly through the reactor vessel. The upper 
surface of the bed is a minimum distance of 2 feet 
(.6 m) or 1 riser diameter below the riser outlet 
end, and a maximum distance of from 8 feet (2.4 
m) to 4 riser diameters below the outlet end of the 

25 riser. A mixture of gaseous product stripping fluid 
and spent catalyst particles is withdrawn from the 
reactor vessel and transferred to a particle separa- 
tor that is located outside of the reactor vessel 
wherein the gaseous components are separated 

30 from the spent catalyst which is ultimately returned 
to the regeneration zone. Spent catalyst particles 
are passed from the stripping zone into a regenera- 
tion zone and contacted therein with a regeneration 
gas in the regeneration zone to combust coke from 

35 the catalyst particles and produce regenerated 
catalyst particles for transfer to the reactor riser. 

This invention can also be described in the 
context of an apparatus. The apparatus includes an 
upwardly directed riser conduit having an upwardly 

40 directed outlet end having an outlet opening cor- 
responding to an equivalent diameter, referred to 
herein as the "riser outlet diameter", a reactor 
vessel that surrounds the outlet end and has an 
upper end located 5 to 12 riser outlet diameters 

45 above the outlet end of the riser. Gas solids sepa- 
ration devices are located outside of the reactor 
vessel and these devices have an inlet, a gas outlet 
and a solids outlet Means are provided for collect- 
ing a mixture of gas and catalyst from the upper 

so half of the reactor vessel and communicating the 
mixture of catalyst and gas to the inlet of the 
separation device. Means are provided for returning 
catalyst particles from the collector to the reactor 
vessel, and means are provided for withdrawing 

65 catalyst from the bottom of the reactor vessel and 
transferring the catalyst to a regeneration vessel. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The Figure shows a reactor/regenerator system 
for an FCC process arranged in accordance with 
this invention. 

DETAILED DESCRIPTION OF THE INVENTION 



This invention relates generally to the reactor 
side of the FCC process. This invention will be 
useful for most FCC processes that are used to 
crack light or heavy FCC feedstocks. The process 
and apparatus aspects of this invention can be 
used to modify the operation and arrangement of 
existing FCC units or in the design of newly con- 
structed FCC units. 

This invention uses the same general elements 
of many FCC units. A reactor riser provides the 
primary reaction zone. A reactor vessel and cy- 
clone separators remove catalyst particles from the 
gaseous product vapors. A stripping zone removes 
a large percentage of sorbed catalyst particles from 
the surface of the catalyst. Spent catalyst from the 
stripping zone is regenerated in a regeneration 
zone having one or more stages of regeneration. 
Regenerated catalyst from the regeneration zone is 
used in the reactor riser. A number of different 
arrangements can be used for the elements of the 
reactor and regenerator sections. The description 
herein of specific reactor and regenerator compo- 
nents is not meant to limit this invention to those 
details except as specifically set forth in the claims. 

An overview of the basic process operation can 
be best understood with reference to the drawing. 
Regenerated catalyst from a lower portion 12 of a 
regeneration vessel 10 is transferred by a conduit 
14, at a rate regulated by a control valve 16, to a 
Y-section 18. Lift gas injected into the bottom of Y- 
section 18, by a conduit 20, carries the catalyst 
upward through a lower riser section 22. Feed is 
injected into the riser above lower riser section 22 
by feed injection nozzles 24. 

The mixture of feed, catalyst and lift gas travels 
up an intermediate section of the riser 26 and into 
an upper internal riser section 28 that terminates in 
an upwardly directed outlet end 30 that is located 
in a dilute phase region 32 of a reactor vessel 34. 
The gas and catalyst are separated in dilute phase 
section 32. Conduits 36 collect gas from the dilute 
phase section and transfer It to a collection cham- 
ber 38. From collection chamber 38, a T-type pip- 
ing arrangement 40 distributes the gas which still 
contains a small amount of catalyst particles to a 
pair of cyclone separators 42. Relatively clean 
product vapors are recovered from the outlets of 
cyclones 42 by a manifold 44 and withdrawn from 
the process through an outlet 46. Catalyst sepa- 
rated by cyclone separators 42 is carried back to 



reactor vessel 34 by dip pipe conduits 48. Spent 
catalyst from dilute phase section 32 and the dip 
pipe conduits form a dense catalyst bed 50 in a 
lower portion of the reactor vessel 34. Separated 

5 catalyst passes downwardly through the vessel at 
an average rate of less than 20 lb/ft 2 /sec (98 
kg/m 2 /sec). The dense catalyst bed extends down- 
ward into a stripping vessel 52 that operates as a 
stripping zone. Stripping fluid enters a lower por- 

w tion of the stripping vessel 52 through a distributor 
54 and travels upward through the stripping vessel 
and reactor vessel in countercurrent flow to the 
downward moving catalyst. As the catalyst moves 
downward, it passes over reactor stripping baffles 

15 56 and 58 and stripper baffles 60 and 62 and is 
transferred into an upper section 68 of the regen- 
erator vessel 10 by a conduit 64 at a rate regulated 
by a valve 66 control. The catalyst particles are 
contacted with an oxygen-containing gas in upper 

20 section 68 of the regeneration zone. A distributor 
70 receives the oxygen-containing gas from a con- 
duit 71 and distributes the gas over the cross- 
section of the regeneration vessel. Regenerated 
catalyst is withdrawn from upper section 68 and 

25 transferred by a conduit 72 into lower portion 12 of 
the regeneration vessel at a rate regulated by a 
control valve 74. Catalyst in the lower portion 12 is 
contacted with additional regeneration gas that en- 
ters the vessel through conduit 76 and is distrib- 

30 uted over the cross-section of the vessel by dome 
style distributor 78. Catalyst in lower section 12 is 
fully regenerated and withdrawn by conduit 14 in 
the manner previously described. The products of 
coke combustion in the lower regeneration section 

35 12 rise upwardly and flow into the upper regenera- 
tor section 68 through a series of internal vents 80. 
Flue gas from lower section 12 is mixed with flue 
gas generated in upper section 68 and withdrawn 
through an inlet 82 of cyclones 84. The flue gas 

40 entering cyclone 84 contains a small amount of fine 
catalyst particles that are removed by the cyclones 
and returned to the regenerator by dip legs 86. 
Flue gas leaving the cyclones is collected in a 
chamber 88 that leaves the regenerator through a 

45 conduit 90. 

The reactor riser of this invention is laid out to 
perform an initial separation between the catalyst 
and gaseous components in the riser. The term 
"gaseous components" Includes lift gas, product 

60 gases and vapors, and unconverted feed compo- 
nents. The drawing shows this invention being 
used with a riser arrangement having a lift gas 
zone 22. It is not necessary that a lift gas zone be 
provided in the riser in order to enjoy the benefits 

55 of this invention. However, the end of the riser 
must terminate with one or more upwardly directed 
openings that discharge the catalyst and gaseous 
mixture in an upward direction into a dilute phase 
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section of the reactor vessel. The open end of the 
riser can be of an ordinary vented riser design as 
described in the prior art patents of this application 
or of any other configuration that provides a sub- 
stantial separation of catalyst from gaseous ma- 
terial in the dilute phase section of the reactor 
vessel. It is believed to be important that the cata- 
lyst is discharged in an upward direction in order to 
minimize the distance between the outlet end of 
the riser and the top of the dense phase catalyst 
bed in the reactor vessel. The flow regime within 
the riser will influence the separation at the end of 
the riser. Typically, the catalyst circulation rate 
through the riser and the input of feed and any lift 
gas that enters the riser will produce a flowing 
density of between 3 lbs/ft 3 to 20 lbs/ft 3 (48 to 320 
kg/m 3 ) and an average velocity of about 10 ft/sec 
to 100 ft/sec (3 to 30 m/sec) for the catalyst and 
gaseous mixture. The length of the riser will usually 
be set to provide a residence time of between .5 to 
5 seconds at these average flow velocity con- 
ditions. 

The velocity at which the catalyst and gaseous 
mixtures discharge from end 30 of the riser also 
influences the placement of the end of the riser 
relative to the top of the reactor vessel. This dis- 
tance indicated by the letter "A" in the drawing is 
set on the basis of the flow rate to riser. In the 
interest of minimizing the dilute volume of catalyst 
in the reactor vessel, distance "A" should be kept 
as short as possible. Nevertheless, there is need 
for some space between the end of the riser to 
avoid direct impingement and the resulting erosion 
of the top of the reactor vessel and to allow the 
discharge of catalyst from the end of the riser to 
provide a separation while preventing the reentrain- 
ment of catalyst particles that are separated by the 
initial discharge from the riser with the gas stream 
that is collected from the upper section of the 
reactor vessel. Since the reactor riser is usually 
designed for a narrow range of exit velocities be- 
tween 20 to 100 ft/sec (6.1 to 30.5 m/sec), distance 
"A" can be set on the basis of riser outlet diam- 
eter, in order to avoid erosion of the upper surface 
of the reactor vessel and to promote the initial 
separation of the catalyst from the gaseous compo- 
nents, the distance "A" should be at least one 
outlet diameter or more. The avoidance of catalyst 
re-entrainment after discharge of the riser is influ- 
enced by both the riser velocity and the flowing 
density of the catalyst as it passes downwardly 
through the reactor vessel. For most practical 
ranges of catalyst density in the riser, the distance 
of 1.5 to 12 riser outlet diameters, and more prefer- 
ably 1.5 to 6 riser diameters, for dimension "A" is 
adequate for a flowing catalyst density, often re- 
ferred to as "catalyst flux", of about 50 - 200 
Ib/tf/sec. (244 - 976 kg/m 2 /sec). 



The total dilute phase volume in the reactor 
vessel is determined by the diameter of the reactor 
vessel, the distance from the end of the riser to the 
top of the reactor vessel, dimension "A", and the 

5 distance from the discharge end of the riser to the 
top of the dense bed level in the reactor vessel 
which is shown as dimension "B" in the Figure. In 
order to prevent re-entrainment of catalyst particles 
into the gases that are withdrawn from the reactor 

10 vessel, a minimum distance is required from the 
top of the reactor riser to the top of the catalyst 
bed level. This dimension is primarily influenced by 
the superficial velocity of the gases that flow up- 
wardly through dense bed 50. in order to minimize 

?5 the potential for re-entrainment of the gaseous 
compounds passing through bed 50, the superficial 
velocity is typically below 0.5 ft/sec (.15 m/sec). 
The gaseous components passing upward through 
bed 50 are made up of stripping fluid and hy- 

20 drocarbons that are desorbed from the surface of 
the catalyst. The amount of stripping gas that en- 
ters the stripping vessel is usually proportional to 
the volume of voids in the catalyst. For most rea- 
sonable catalyst to oil ratios in the riser, the 

25 amount of stripping gas that must be added to 
displace the void volume of the catalyst will not 
exceed 6 wt% of the feed rate. Accordingly, the 
relative ratio of catalyst passing downwardly 
through the reactor vessel and the stripping fluid as 

30 well as other displaced hydrocarbons flowing up- 
wardly through the reactor vessel will remain rela- 
tively constant. Thus, the primary variable in con- 
trolling the superficial gas velocity upward through 
the dense catalyst bed is the diameter of the 

35 reactor vessel. As long as the superficial velocity of 
the gases rising through bed 50 are kept in a range 
below 0.5 ft/sec (.15 m/sec) and preferably below 
about 0.1 ft/sec (.03 m/sec), a distance "B" of 2 to 
8 feet(.6 to 2.4 m) will prevent re-entrainment of the 

40 catalyst and the gases that are leaving the reactor 
vessel. For most reactor risers, the 2 to 8 feet will 
equal approximately 1 to 4 riser outlet diameters. 

The manner in which the gaseous vapors are 
withdrawn from the dilute phase volume of the 

45 reactor vessel will also influence the initial separa- 
tion and the degree of re-entrainment that is ob- 
tained in the reactor vessel. In order to improve 
this disengagement and avoid re-entrainment, the 
Figure shows the use of an annular collector 92 

so that surrounds the end 30 of the riser. Collector 92 
is supported from the top of the reactor vessel 34 
by withdrawal conduits 36. Withdrawal conduits 36 
are symmetrically spaced around the annular col- 
lector and communicate with the annular collector 

65 through a number of symmetrically spaced open- 
ings to obtain a balanced withdrawal of gaseous 
components around the entire circumference of the 
reactor riser. All of the stripping gas and gaseous 
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components from the reactor riser are withdrawn 
by annular collector 92 for the process arrange- 
ment shown in the Figure. All of the product gases 
from conduits 36 are transferred to the cyclones 
42. 

The Figure shows an arrangement for transfer- 
ring gases from the conduits 36 to the cyclones 
that avoids a mal-distribution of the catalyst and 
gas mixture to the different cyclones. The simplest 
way to connect the gas conduits with the cyclones 
is to directly couple one conduit to a corresponding 
cyclone. This arrangement would also have the 
advantage of minimizing the flow path between the 
annular collector of the riser and the cyclones 
where the final separation of catalyst and gas is 
performed. However, for reasons unknown, it has 
been found that mixtures of catalyst and gas that 
are taken from the reactor through a series of 
conduits may preferentially flow to one conduit. 
The resulting heavier loading of catalyst and gas 
can overload the cyclone to which it is directed. 
For this reason, the Figure shows the use of a 
chamber 38 that commonly collects the gas from 
all cyclone conduits 36 and redistributes the gas to 
the individual cyclones. Although providing cham- 
ber 38 and T-section 40 increases the residence 
time for the catalyst and gas mixture as it flows 
from the reactor vessel to the cyclone inlets, this 
minor increase in residence time will not have a 
substantial impact on the quality of the product 
recovered from the cyclones. The avoidance of 
mal-distribution may also be accomplished by the 
use of a catalyst and gas separation device other 
than cyclones. 

Catalyst recovered by the cyclones can be 
returned to the process at any convenient location. 
Whatever type of gas and catalyst separation de- 
vice is utilized, the catalyst separated therefrom is 
returned to the process. The catalyst may be re- 
turned to any point of the process that puts it back 
into the circulating inventory of catalyst. The draw- 
ing shows the use of conventional cyclones with 
the dip legs 48 returning near the upper bed level 
51 of dense bed region 50. Preferably, the catalyst 
will be returned to the dense bed in the reactor 
vessel or stripping vessel. 

With the cyclones removed from the reactor 
vessel, the diameter of the reactor vessel is no 
longer affected by the need to provide adequate 
space for a separation device therein. Accordingly, 
the diameter of the reactor vessel can be set on 
the basis of the superficial velocity of gas passing 
upward through the dense bed and the catalyst flux 
entering the reactor vessel. The criteria for both of 
these parameters, as previously discussed, will 
permit the use of a smaller reactor diameter than 
has been found in the prior art. The smaller reactor 
vessel diameter further decreases the volume of 



the dilute phase in the reactor vessel. When this 
invention is used with a new reactor vessel, the 
diameter can be kept low enough such that the 
average residence time in the dilute phase of the 

5 reactor vessel will be less than three seconds. 
Again, since the superficial velocity and catalyst 
flux are influenced by a well-known range of cata- 
lyst density and velocity conditions in the riser, the 
diameter of the reactor vessel when initially de- 

w signed in accordance with this invention will prefer- 
ably be between three and five times the outlet 
diameter of the riser. Alternately the dilute phase 
volume of the reactor vessel above the top of the 
catalyst bed can be kept to less than five times the 

75 volume of the reactor riser through which the feed 
passes. 

Catalyst that is initially separated from the gas- 
eous components as it enters the reactor vessel, 
passes downwardly through the vessels as pre- 

20 viously described. As this catalyst progresses 
through the vessel, it preferably contacts a series 
of baffles that improve the contact of the catalyst 
with a stripping gas that passes upwardly through 
the vessel. In the embodiment of the invention 

25 shown in the Figure, the catalyst passes through a 
stripping section in the upper portion of the vessel 
and a separate stripping vessel located therebelow. 
The Figure shows the baffles 56 and 62 located on 
the exterior of the vessel walls and baffles 58 and 

30 60 located down the length of the riser through the 
lower portion of the reactor vessel and the stripping 
vessel. These stripping baffles function in the usual 
manner to cascade catalyst from side to side as it 
passes through the vessel and increase the contact 

35 of the catalyst particles with the stripping steam as 
it passes upward in countercurrent contact with the 
catalyst. Dense bed 50 has a relatively long length 
in reactor vessel 34. There is no requirement for a 
long dense bed length in the reactor vessel and the 

40 dense bed length shown in the Figure stems from 
the type of arrangement depicted in the Figure. 
The Figure depicts a retrofit of this invention into 
an existing regeneration and reactor section where 
the tangent length of the reactor vessel was set by 

45 the previous arrangement that place the cyclone 
separators inside the reactor vessel. When the 
method of this invention is employed in the initial 
design of a reactor vessel, the tangent length can 
be substantially reduced so that upper bed level 51 

so is near the top of a stripper vessel. 

Nevertheless, the height of the dense catalyst 
bed in the reactor 34 increases the total height of 
the dense phase catalyst above control valve 66. 
This additional height of dense bed catalyst can be 

55 used advantageously in the FCC process. First, the 
additional length of dense bed catalyst provides an 
elongated region for increased contact between the 
stripping fluid and the catalyst. Therefore, a greater 
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degree of stripping can be obtained by the ex- 
tended length of the dense catalyst bed. In addi- 
tion, the hydrostatic head of catalyst from the top 
surface 51 to control valve 66 produces a relatively 
high pressure drop between control valve 66 and 5 
bed level 51. This pressure drop can total 7 psi (48 
kPa) or more. This additional pressure allows the 
regenerator to be operated at a higher pressure 
than the reactor section. As previously described, 
there are substantial benefits to operating the re- w 
generation zone at higher pressures and the reac- 
tion zone at lower pressures. 

The additional height of dense bed can also be 
used to incorporate a hot stripping section. The hot 
stripping section will utilize catalyst from the regen- 15 
eration zone to supply heat to the stripping section 
and increase the desorption of hydrocarbons and 
volatile components from the surface of the cata- 
lyst. A suitable lift system can be used to transport 
the catalyst upward from the regeneration zone into 20 
a stripping zone at a desired elevation. 

The catalyst is withdrawn from the stripping 
zone and transferred to a regeneration zone. Any 
well-known regenerator arrangement for removing 
coke from the catalyst particles by the oxidative 25 
combustion of coke and returning catalyst particles 
to the reactor riser can be used. 

Claims 

30 

1. A process for the fluidized catalytic cracking 
(FCC) of an FCC feedstock said process com- 
prising: 

a) passing said FCC feedstock and catalyst 
particles to a reactor riser having a riser 35 
outlet diameter and transporting said cata- 
lyst and feedstock upwardly through said 
riser thereby converting said feedstock to a 
gaseous products and producing spent 
catalyst particles by the deposition of coke 40 
on said catalyst particles; 

b) discharging a first mixture of spent cata- 
lyst particles and gaseous products in an 
upward direction into a reactor vessel from 
a discharge end of said riser located from 5 45 
to 12 riser outlet diameters below the upper 
end of said reactor vessel thereby providing 
an initial separation of the spent catalyst 
from the gaseous products; 

c) passing separated catalyst downward 50 
through said reactor vessel; 

d) maintaining said separated catalyst in 
said reactor vessel as a dense catalyst bed 
to form a stripping zone and passing a 
stripping gas upward through the stripping 55 
zone; 

e) maintaining the upper surface of said 
dense catalyst bed a distance of between 




678 A1 16 

one to four riser outlet diameters below said 
riser discharge; 

f) passing stripped catalyst from said strip- 
ping zone into a regeneration zone and con- 
tacting said spent catalyst with a regenera- 
tion gas in said regeneration zone to com- 
bust coke from said catalyst particles and 
produce regenerated catalyst particles for 
transfer to said reactor riser; and, 

g) withdrawing a second mixture of gaseous 
products, stripping fluid, and spent catalyst 
particles from said reactor vessel and trans- 
ferring said mixture to a particle separator 
located outside of the reactor vessel and 
separating gaseous components from said 
spent catalyst particles in said separator 
zone. 

2. The process of claim 1 wherein said first mix- 
ture is discharged from said riser at a velocity 
in a range of from 20 to 100 ft/sec. (6.1 to 30.5 
m/sec). 

3. The process of claim 1 wherein said second 
gas mixture is withdrawn from an annular col- 
lector that surrounds said outlet end of said 
riser and said particle separators comprise at 
least onecyclone. 

4. The process of claim 1 wherein the gaseous 
products discharged in step (b) have an aver- 
age residence time of less than three seconds 
in said reactor vessel. 

5. The process of claim 1 wherein said reactor 
vessel has a diameter that is between three 
and five times the outlet diameter of said riser. 

6. The process of claim 1 wherein the pressure 
drop in said reactor vessel from the bottom to 
the top of said dense bed is at least 7 psi (48.3 
kPa). 

7. The process of Claim 1 wherein separated 
catalyst passes downward through said reactor 
vessel at an average rate of less than 20 Ib/ft 2 - 
sec (98 kg/m 2 /sec) and the stripping gas 
passes upwardly through the reactor vessel at 
an average superficial velocity of less than .5 
ft/sec (.15 m/sec); 

8. An apparatus for the fluidized catalytic crack- 
ing of an (FCC) feedstock, said apparatus 
comprising: 

a) an upwardly directed riser conduit having 
an upwardly directed outlet end having an 
equivalent outlet diameter: 
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b) a reactor vessel surrounding said outlet 
end and having an upper end located 1 to 
12 riser outlet diameters above said outlet 
end; 

c) a gas solids separation device located 5 
outside of said of said reactor vessel having 

an inlet, a gas outlet, and a solids outlet; 

d) means for collecting a mixture of gas and 
catalyst from an upper portion of said reac- 
tor vessel and communicating said mixture w 
of catalyst and gas to the inlet of said 
separation device: 

e) means for introducing a gaseous strip- 
ping medium into the reactor vessel below 

the outlet end; and T5 

f) means for returning catalyst particles from 
said collector and from the bottom of the 
disengaging vessel to said reactor vessel. 

9. The apparatus of claim 8 wherein said gas 20 
solid separation device comprises at least one 
cyclone separator located outside of said reac- 
tor vessel and said means for collecting a 
mixture of gas and catalyst includes an annular 
collector that surrounds the outlet end of said 25 
riser. 

10. The apparatus of claim 8 wherein a dip leg 
communicates catalyst from each catalyst out- 
let to said reactor vessel and the outlet of each 30 
dip leg is located below said riser outlet. 

11. The process of claim 1 wherein the dilute 
phase volume of said disengaging zone above 

the top of said catalyst bed is less than 5 35 
times the volume of said reactor riser between 
the point where the feed enters the riser and 
said discharge end. 
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Description 

FIELD OF THE INVENTION 

This invention relates generally to processes for the 5 
ftuidized catalytic cracking (FCC) of heavy hydrocarbon 
streams such as vacuum gas oil and reduced crudes 
This invention relates more specrfically to a method for 
reacting hydrocarbons in an FCC reactor and separat- 
ing reaction products from the catalyst used therein 10 

BACKGROUND OF THE INVENTION 

The fluidized catalytic cracking of hydrocarbons is 
the main stay process for the production of gasoline and '5 
light hydrocarbon products from heavy hydrocarbon 
charge stocks such as vacuum gas oils or residual 
feeds Large hydrocarbon molecules, associated with 
the heavy hydrocarbon feed, are cracked to break the 
large hydrocarbon chains thereby producing lighter hy- 20 
drocarbons. These lighter hydrocarbons are recovered 
as product and can be used directly or further processed 
to raise the octane barrel yield relative to the heavy hy- 
drocarbon feed. 

The basic equipment or apparatus for the fluidized 2s 
catalytic cracking of hydrocarbons has been in exist- 
ence since the early 1940's. The basic components of 
the FCC process include a reactor, a regenerator and a 
catalyst stripper. The reactor includes a contact zone 
where the hydrocarbon feed is contacted with a partic- so 
ulate catalyst and a separation zone where product va- 
pors from the cracking reaction are separated from the 
catalyst. Further product separation takes place in a cat- 
alyst stripper that receives catalyst from the separation 
zone and removes entrained hydrocarbons from the cat- 35 
alyst by counter-current contact with steam or another 
stripping medium. The FCC process is carried out by 
contacting the starting material whether it be vacuum 
gas oil, reduced crude, or another source of relatively 
high boiling hydrocarbons with a catalyst made up of a 40 
finely divided or particulate solid material. The catalyst 
is transported like a fluid by passing gas or vapor 
through it at sufficient velocity to produce a desired re- 
gime of fluid transport. Contact of the oil with the fluid- 
ized material catalyzes the cracking reaction. During the 
cracking reaction, coke will be deposited on the catalyst. 
Coke is comprised of hydrogen and carbon and can in- 
clude other materials in trace quantities such as sulfur 
and metals that enter the process with the starting ma- 
terial. Coke interferes with the catalytic activity of the so 
catalyst by blocking active sites on the catalyst surface 
where the cracking reactions take place. Catalyst is tra- 
ditionally transferred from the stripper to a regenerator 
for purposes of removing the coke by oxidation with an 
oxygen -containing gas. An inventory of catalyst having 55 
a reduced coke content, relative to the catalyst in the 
stripper, hereinafter referred to as regenerated catalyst, 
is collected for return to the reaction zone. Oxidizing the 
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coke from the catatyst surface releases a large amount 
of heat, a portion of which escapes the regenerator with 
gaseous products of coke oxidation generally referred 
to as flue gas The balance of the heat leaves the re- 
generator with the regenerated catalyst The ftuidized 
catalyst is continuously circulated from the reaction 
zone to the regeneration zone and then again to the re- 
action zone. The fluidized catalyst, as well as providing 
a catalytic function, acts as a vehicle for the transfer of 
heat from zone to zone Catalyst exiting the reaction 
zone is spoken of as being spent, i.e., partially deacti- 
vated by the deposition of coke upon the catalyst Spe- 
cific details of the various contact zones, regeneration 
zones, and stripping zones along with arrangements for 
conveying the catalyst between the various zones are 
well known to those skilled in the art. 

In order to obtain catalyst flow between the reactor 
and regenerator, a certain pressure balance is needed 
between the two vessels. Catalyst transferred to the re- 
generator is driven by the pressure in the upper section 
of the reactor vessel and the head of catalyst in the flow 
path from the reactor vessel to a control valve that con- 
trols the amount of catalyst entering the regenerator. 
Catalyst transfer from the regenerator to the riser is sim- 
ilarly driven by the pressure in the regenerator vessel 
and the head of catalyst in the flow path between the 
regenerator vessel and the bottom of the riser. There is 
usually a 4-1 0 psi (27.5-68.9 kPa) difference in pressure 
between the bottom of the riser and the top of the reactor 
vessel. Increases in pressure in the regenerator result 
in a corresponding increase in the pressure in the reac- 
tor. Any pressure increase of the regenerator relative to 
the reactor will be limited by the catalyst head in the flow 
path of the catalyst from the reactor to the regenerator 
This interdependence of pressure often does not pro- 
vide the most favorable pressure conditions in both the 
reactor and the regenerator. Low pressures are gener- 
ally favored in the riser. Low pressures in the riser im- 
prove volatilization of the hydrocarbons and product 
yields. On the other hand, high pressures are favored 
in the regenerator to increase the coke burning capacity 
and improve the kinetics for coke burning. However, it 
is not possible to raise regenerator/reactor pressure dif- 
ferentials beyond a limited range due to the elevation of 
the available static catatyst head in the reactor vessel 
and stripper. 

The rate of conversion of the feedstock within the 
reaction zone is controlled by regulation of the temper- 
ature of the catalyst, activity of the catalyst quantity of 
the catalyst (i.e., catalyst to oil ratio) and contact time 
between the cataryst and feedstock. The most common 
method of regulating the reaction temperature is by reg- 
ulating the rate of circulation of catalyst from the regen- 
eration zone to the reaction zone which simultaneously 
produces a variation in the catalyst to oil ratio as the 
reaction temperatures change. That is, if it is desired to 
increase the conversion rate, an increase in the rate of 
flow of circulating fluid catalyst from the regenerator to 
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the reactor is effected 

The hydrocarbon product of the FCC reaction is re- 
covered in vapor form and transferred to product recov- 
ery facilities These facilities normally comprise a mam 
column for cooling the hydrocarbon vapor from the re- 
actor and recovering a series of heavy cracked products 
which usually include bottom materials, cycle oil, and 
heavy gasoline. Lighter materials from the main column 
enter a concentration section for further separation into 
additional product streams 

Improvements in the reduction of product losses 
and the control of regeneration temperatures have been 
achieved by providing multiple stages of catalyst strip- 
ping and by raising the temperature at which the catalyst 
particles are stripped of products and other combustible 
compounds. Both of these methods will increase the 
amount of low molecular weight products that are 
stripped from the catalyst and will reduce the quantity of 
combustible material in the regenerator. A variety of ar- 
rangements are known for providing multiple stages of 
stripping and heating the spent catalyst to raise the tem- 
perature of the stripping zone With increasing frequen- 
cy it is being proposed to raise the temperature of the 
stripping zone by mixing the spent catalyst with hot re- 
generated catalyst from the regeneration zone. 

As the development of FCC units has advanced, 
temperatures within the reaction zone were gradually 
raised. It is now commonplace to employ temperatures 
of 525°C (975°F). At higher temperatures, there is gen- 
erally a loss of gasoline components as these materials 
crack to lighter components by both catalytic and strictly 
thermal mechanisms. At 1025°F (525°C), it is typical to 
lose 1% on the potential gasoline yield due to gasoline 
components thermally cracking into lighter hydrocarbon 
gases. As temperatures increase, to say 1025*F 
(550°C), most feedstocks lose up to 6% or more of the 
gasoline yield due to thermal cracking of gasoline com- 
ponents. 

One improvement to FCC units, that has reduced 
the product loss by thermal cracking, is the use of riser 
cracking. In riser cracking, regenerated catalyst and 
starting materials enter a pipe reactor and are transport- 
ed upward by the expansion of the gases that result from 
the vaporization of the hydrocarbons, and other fluidiz- 
ing mediums if present, upon contact with the hot cata- 
lyst Riser cracking provides good initial catalyst and oil 
contact and also allows the time of contact between the 
catalyst and oil to be more closely controlled by elimi- 
nating turbulence and backmixing that can vary the cat- 
alyst residence time. An average riser cracking zone to- 
day will have a catalyst to oil contact time of 1 to 5 sec- 
onds. A number of riser designs use a lift gas as a further 
means of providing a uniform catalyst flow. Lift gas is 
used to accelerate catalyst in a first section of the riser 
before introduction of the feed and thereby reduces the 
turbulence which can vary the contact time between the 
catalyst and hydrocarbons. 

The benefits of using lift gas to pre-accelerate and 



condition regenerated catalyst in a riser type conversion 
zone are well known. Lift gas typically has a low con- 
centration of heavy hydrocarbons, i.e hydrocarbons 
having a molecular weight of C 3 or greater are avoided. 

5 In particular, highly reactive type species such as C 3 
plus olefins are unsuitable for lift gas Thus lift gas 
streams comprising steam and light hydrocarbons are 
generally used 

Riser cracking whether with or without the use of lift 

to gas has provided substantial benefits to the operation 
of the FCC unit. These can be summarized as a short 
contact time in the reactor riser to control the degree of 
cracking that takes place in the riser and improved mix- 
ing to give a more homogeneous mixture of catalyst and 

*5 feed. A more complete distribution prevents different 
times for the contact between the catalyst and feed over 
the cross-section of the riser such that some of the feed 
contacts the catalyst for a longer time than other por- 
tions of the feed. Both the short contact time and a more 

20 uniform average contact time for all of the feed with the 
catalyst has albwed overcracking to be controlled or 
eliminated in the reactor riser. 

Unfortunately, much of what can be accomplished 
in the reactor riser in terms of uniformity of feed contact 

25 and controlled contact time can be lost when the catalyst 
is separated from the hydrocarbon vapors. As the cata- 
lyst and hydrocarbons are discharged from the riser, 
they must be separated. In early riser cracking opera- 
tions, the output from the riser was discharged into a 

30 large vessel. This vessel serves as a disengaging cham- 
ber and is still referred to as a reactor vessel, although 
most of the reaction takes place in the reactor riser The 
reactor vessel has a large volume, vapors that enter the 
reactor vessel are well mixed in the large volume and 

3S therefore have a wide residence time distribution that 
results in relatively long residence times for a significant 
portion of the product fraction. Product fractions that en- 
counter extended residence times can undergo addi- 
tional catalytic and thermal cracking to less desirable 

40 tower molecular weight products. 

In an effort to further control the contact time be- 
tween catalyst and feed vapors, there has been contin- 
ued investigation into the use of cyclones that are direct- 
ly coupled (see U.S. Patent No. 4,737,346) to the end 

45 of the reactor riser. This direct coupling of cyclones to 
the riser provides a quick separation of most of the prod- 
uct vapors from the catalyst. Therefore, contact time for 
a large portion of the feed vapors can be closely con- 
trolled. One problem with directly coupling cyclones to 

so outlet of the reactor riser is the need for a system that 
can handle pressure surges from the riser-see U.S. 
Patent No. 4,624,772 for an example. These pressure 
surges and the resulting transient increase in catalyst 
loading inside the cyclones can overload the cyclones 

55 such that an unacceptable amount of fine catalyst par- 
ticles are carried over with the reactor vapor into down- 
stream separation facilities. Therefore, a number of ap- 
paratus arrangements have been proposed for direct 
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coupled cyclones that significantly complicate the ar- 
rangement and apparatus for the direct coupled cy- 
clones, and erther provide an arrangement where a sig- 
nificant amount of reactor vapor can enter the open vol- 
ume of the reactor/vessel or compromise the satisfac- 5 
tory operation of the cyclone system by subjecting it to 
the possibility of temporary catalyst overloads 

Although direct coupled cyclone systems can help 
to control contact time between catalyst and feed va- 
pors, they will not completely eliminate the presence of io 
hydrocarbon vapors in the open space of a reactor ves- 
sel Product vapors are still present in this open space 
from the stripped hydrocarbon vapors that are removed 
from the catalyst and pass upwardly into an open space 
above the stripping zone. The amount of hydrocarbon is 
vapors is also increased by direct coupled cyclone ar- 
rangements that allow feed vapors to enter the open 
space that houses the cyclones Since the dilute phase 
volume of the reactor vessel remains unchanged when 
direct coupled cyclones are used and less hydrocarbon 20 
vapors enter the dilute phase volume from the riser, the 
hydrocarbon vapors that do enter the dilute phase vol- 
ume will be there for much longer periods of time when 
a direct coupled cyclone system is used. (The terms 
"dense phase" and "dilute phase" catalysts as used in 2$ 
this application are meant to refer to the density of the 
catalyst in a particular zone. The term "dilute phase" 
generally refers to a catalyst density of less than 20 lbs/ 
ft 3 (480 kg/m 3 ) and the term "dense phase* refers to cat- 
alyst densities above 30 lbs/ft 3 (480 kg/m 3 ). Catalyst 30 
densities in the range of 20 to 30 lbs/ft 3 (320 to 480 kg/ 
m 3 ) can be considered either dense or dilute depending 
on the density of the catalyst in adjacent zones or re- 
gions.) In other words, when a direct coupled cyclone 
system is used, less product vapors may enter the open 35 
space of the reactor vessel, but these vapors will have 
a much longer residence time in the reactor vessel. As 
a result, any feed components left in the reactor vessel 
are substantially lost to overcracking. 

The very low gas flow rate through the reactor ves- *o 
set can also promote coke deposition on the interior of 
the vessel. The long residence time of heavy hydrocar- 
bons at relatively high temperature in the upper section 
of the reactor vessel promotes the formation of coke. 
These coke deposits interfere with the function of the *s 
reactor vessel by forming thick deposits on the interior 
of the vessel thereby insulating and locally cooling por- 
tions of the metal 6hell. Such locally cooled portions pro- 
mote the condensation of corrosive materials that can 
damage the reactor vessel. In addition, other problems 60 
are created by the large coke deposits which can, from 
time to time, break off in large chunks and block the flow 
of catalyst through the vessels or conduits. 

One apparatus that has been known to promote 
quick separation between the catalyst and the vapors in 55 
the reactor vessels is known as a ballistic separation de- 
vice (6ee U.S. Patent No. 4,792,437) which is also re- 
ferred to as a vented riser. The structure of the vented 
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riser in its basic form consists of a straight portion of 
conduit at the end of the riser and an opening that is 
directed upwardly into the reactor vessel with a number 
of cyclone inlets surrounding the outer periphery of the 
riser near the open end The apparatus functions by 
shooting the high momentum catalyst particles past the 
open end of the riser where the gas collection takes 
place A quick separation between the gas and the va- 
pors occurs due to the relatively low density of the gas 
which can quickly change directions and turn to enter 
the inlets near the periphery of the riser (see U.S. Patent 
No 4,295,961 ) while the heavier catalyst particles con- 
tinue along a straight trajectory that is imparted by the 
straight section of riser conduit. The vented riser has the 
advantage of eliminating any dead area in the reactor 
vessel where coke can form while providing a quick sep- 
aration between the catalyst and the vapors. However, 
the vented riser still has the drawback of operating within 
a large open volume in the reactor vessel. 

The problem addressed by the present invention is 
the need to obtain a quick separation between catalyst 
and product vapors leaving an FCC riser in a system 
that minimizes overcracking of product vapors and the 
carryover of fine catalyst particles with the product va- 
pors. 

BRIEF DESCRIPTION OF THE INVENTION 

It is an object of this invention to reduce the hydro- 
carbon residence time in a reactor vessel. 

It is another object of this invention to improve the 
operation of a vented riser in the separation of catalyst 
and hydrocarbon vapors. 

A further object of this invention is to control the res- 
idence time in a reactor vessel section of an FCC reac- 
tion zone. 

This invention is an FCC process that is arranged 
so that the outlet end of a reactor riser discharges into 
an upper portion of a reactor vessel that functions as an 
open disengagement zone and the discharge end of the 
reactor riser is located near the top of a dense catalyst 
bed in the reactor vessel. This arrangement is facilitated 
by putting the cyclones or gas solid separators on the 
outside of the reactor vessel. It has been discovered that 
when a vented riser is used in combination with exter- 
nally located cyclones or separation devices the upper 
level of a dense catalyst bed can be maintained near 
the top of a reactor vessel. The high level of the dense 
catalyst bed relative to the riser outlet reduces the dilute 
phase volume in the disengagement vessel so that hy- 
drocarbon residence time is reduced and the reactor 
vessel height required above the dense bed level is de- 
creased. 

The decreased height of the dilute phase in the re- 
actor vessel offers a number of benefits. The decreased 
dilute phase height can shorten the reactor vessel and 
its overall elevation. Alternately, the overall elevation of 
the reactor vessel can be maintained and the additional 
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height can be used to maintain a longer vertical length 
for the dense catalyst phase Additional catalyst strip- 
ping can be performed in the additional length of dense 
catalyst bed In addition an increased height of dense 
catalyst increases the pressure drop between the reac- 5 
tor vessel and the regenerator control valve so that high- 
er regenerator pressures can be maintained without 
raising the pressure in the reactor zone. The dense bed 
level is also susceptible to a substantial degree of vari- 
ation so that the overall residence time of hydrocarbon io 
vapors in the reactor vessel can be adjusted. This per- 
mits the use of very short residence time for certain feed- 
stocks and an increase in residence time for more re- 
fractory feedstocks without a variation in the feed rate 
to the reactor riser. These benefits show that this inven- *5 
tion will provide much of the same improvement offered 
by direct coupled cyclones in regard to reducing over- 
cracking while giving a much greater degree of flexibility 
that is combined with the increased reliability of an open 
discharge type reactor riser 20 

Accordingly in one embodiment, this invention is a 
process for the fluidized catalytic cracking of an FCC 
feedstock. The process includes the steps of passing 
the FCC feedstock and catalyst particles to a reactor ris- 
er having an effective riser outlet diameter, transporting 25 
the catalyst and feedstock upwardly through the riser 
thereby converting the feedstock to a gaseous product 
stream, and producing spent catalyst particles by the 
deposition of coke. The mixture of spent catalyst parti- 
cles and gaseous products are discharged into a reactor 30 
vessel in an upward direction from a discharge end of 
the riser located from 1 to 1 2 outlet riser diameters below 
the upper end of the reactor vessel thereby providing an 
initial separation of the spent catalyst from the gaseous 
products. The separated catalyst passes downward 3S 
through the vessel where it is maintained as a dense 
catalyst bed to form a stripping zone while a stripping 
gas passes upwardly through the reactor vessel. The 
upper surface of the bed is a minimum distance of 2 feet 
(.6 m) or 1 riser diameter be tow the riser outlet end, and *o 
a maximum distance of from 8 feet (2.4 m) to 4 riser 
diameters below the outlet end of the riser A mixture of 
gaseous product stripping fluid and spent catalyst par- 
ticles is withdrawn from the reactor vessel and trans- 
ferred to a particle separator that is located outside of 45 
the reactor vessel wherein the gaseous components are 
separated from the spent catalyst which is ultimately re- 
turned to the regeneration zone. Spent catalyst particles 
are passed from the stripping zone into a regeneration 
zone and contacted therein with a regeneration gas in so 
the regeneration zone to combust coke from the catalyst 
particles and produce regenerated catalyst particles for 
transfer to the reactor riser. 

This invention can also be described in the context 
of an apparatus. The apparatus includes an upwardly 55 
directed riser conduit having an upwardly directed outlet 
end having an outlet opening corresponding to an equiv- 
alent diameter, referred to herein as the "riser outlet di- 
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ameter", a reactor vessel that surrounds the outlet end 
and has an upper end located 5 to 12 riser outlet diam- 
eters above the outlet end of the riser Gas solids sep- 
aration devices are located outside of the reactor vessel 
and these devices have an inlet, a gas outlet and a solids 
outlet Means are provided for collecting a mixture of gas 
and catalyst from the upper half of the reactor vessel 
and communicating the mixture of catalyst and gas to 
the inlet of the separation device. Means are provided 
for returning catalyst particles from the collector to the 
reactor vessel, and means are provided for withdrawing 
catalyst from the bottom of the reactor vessel and trans- 
ferring the catalyst to a regeneration vessel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The Figure shows a reactor/regenerator system for 
an FCC process arranged in accordance with this inven- 
tion. 

DETAILED DESCRIPTION OF THE INVENTION 

This invention relates generally to the reactor side 
of the FCC process. This invention will be useful for most 
FCC processes that are used to crack light or heavy 
FCC feedstocks. The process and apparatus aspects of 
this invention can be used to modify the operation and 
arrangement of existing FCC units or in the design of 
newly constructed FCC units. 

This invention uses the same general elements of 
many FCC units. A reactor riser provides the primary 
reaction zone. A reactor vessel and cyclone separators 
remove catalyst particles from the gaseous product va- 
pors. A stripping zone removes a large percentage of 
sorted catalyst particles from the surface of the catalyst. 
Spent catalyst from the stripping zone is regenerated in 
a regeneration zone having one or more stages of re- 
generation. Regenerated catalyst from the regeneration 
zone is used in the reactor riser A number of different 
arrangements can be used for the elements of the re- 
actor and regenerator sections. The description herein 
of specific reactor and regenerator components is not 
meant to limit this invention to those details except as 
specifically set forth in the claims. 

An overview of the basic process operation can be 
best understood with reference to the drawing. Flegen- 
erated catalyst from a lower portion 1 2 of a regeneration 
vessel 10 is transferred by a conduit 14, at a rate regu- 
lated by a control valve 16, to a Y-section 18. Lift gas 
injected into the bottom of Y-section 1 8, by a conduit 20, 
carries the catalyst upward through a lower riser section 
22. Feed is injected into the riser above lower riser sec- 
tion 22 by feed injection nozzles 24. 

The mixture of feed, catalyst and lift gas travels up 
an intermediate section of the riser 26 and into an upper 
internal riser section 28 that terminates in an upwardly 
directed outlet end 30 that is located in a dilute phase 
region 32 of a reactor vessel 34. The gas and catalyst 
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arG separated in dilute phase section 32 Conduits 36 
collect gas from the dilute phase section and transfer it 
to a collection chamber 38 From collection chamber 38, 
a T-type piping arrangement 40 distributes the gas 
which stili contains a small amount of catalyst particles 5 
to a pair of cyclone separators 42 Relatively clean prod- 
uct vapors are recovered from the outlets of cyclones 
42 by a manifold 44 and withdrawn from the process 
through an outlet 46 Catalyst separated by cyclone sep- 
arators 42 is carried back to reactor vessel 34 by dip w 
pipe conduits 48. Spent catalyst from dilute phase sec- 
tion 32 and the dip pipe conduits form a dense catalyst 
bed 50 in a lower portion of the reactor vessel 34 Sep- 
arated catalyst passes downwardly through the vessel 
at an average rate of less than 20 ib/ft 2 /sec (98 kg/m 2 / is 
sec) The dense catalyst bed extends downward into a 
stripping vessel 52 that operates as a stripping zone. 
Stripping fluid enters a lower portion of the stripping ves- 
sel 52 through a distributor 54 and travels upward 
through the stripping vessel and reactor vessel in coun- 20 
tercurrent flow to the downward moving catalyst. As the 
catalyst moves downward, it passes over reactor strip- 
ping baffles 56 and 58 and stripper baffles 60 and 62 
and is transferred into an upper section 68 of the regen- 
erator vessel 10 by a conduit 64 at a rate regulated by 25 
a valve 66 control. The catalyst particles are contacted 
with an oxygen-containing gas in upper section 68 of the 
regeneration zone. A distributor 70 receives the oxygen - 
containing gas from a conduit 71 and distributes the gas 
over the cross-section of the regeneration vessel. Re- so 
generated catalyst is withdrawn from upper section 68 
and transferred by a conduit 72 into tower portion 12 of 
the regeneration vessel at a rate regulated by a control 
valve 74. Catalyst in the tower portion 12 is contacted 
with additional regeneration gas that enters the vessel 35 
through conduit 76 and is distributed over the cross-sec- 
tion of the vessel by dome style distributor 78. Catalyst 
in lower section 1 2 is fully regenerated and withdrawn 
by conduit 14 in the manner previously described. The 
products of coke combustion in the tower regeneration *o 
section 12 rise upwardly and flow into the upper regen- 
erator section 68 through a series of internal vents 80. 
Flue gas from lower section 12 is mixed with flue gas 
generated in upper section 68 and withdrawn through 
an inlet 82 of cyclones 84. The flue gas entering cyclone 4S 
84 contains a small amount of fine catalyst particles that 
are removed by the cyclones and returned to the regen- 
erator by dip legs 86. Flue gas leaving the cyclones is 
collected in a chamber 88 that leaves the regenerator 
through a conduit 90. 60 

The reactor riser of this invention is laid out to per- 
form an initial separation between the catalyst and gas- 
eous components in the riser. The term •gaseous com- 
ponents" includes lift gas, product gases and vapors, 
and unconverted feed components. The drawing shows 55 
this invention being used with a riser arrangement hav- 
ing a lift gas zone 22. It is not necessary that a lift gas 
zone be provided in the riser in order to enjoy the ben- 
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efits of this invention However, the end of the riser must 
terminate with one or more upwardly directed openings 
that discharge the catalyst and gaseous mixture in an 
upward direction into a dilute phase section of the reac- 
tor vessel The open end of the riser can be of an ordi- 
nary vented riser design as described in the prior art pat- 
ents of this application or of any other configuration that 
provides a substantial separation of catalyst from gas- 
eous material in the dilute phase section of the reactor 
vessel. It is believed to be important that the catalyst is 
discharged in an upward direction in order to minimize 
the distance between the outlet end of the riser and the 
top of the dense phase catalyst bed in the reactor ves- 
sel. The flow regime within the riser will influence the 
separation at the end of the riser. Typically, the catalyst 
circulation rate through the riser and the input of feed 
and any lift gas that enters the riser will produce a flow- 
ing density of between 3 lbs/ft 3 to 20 lbs/ft 3 (48 to 320 
kg/m 3 ) and an average velocity of about 1 0 ft/sec to 100 
ft/sec (3 to 30 m/sec) for the catalyst and gaseous mix- 
ture. The length of the riser will usually be set to provide 
a residence time of between .5 to 5 seconds at these 
average flow velocity conditions. 

The velocity at which the catalyst and gaseous mix- 
tures discharge from end 30 of the riser also influences 
the placement of the end of the riser relative to the top 
of the reactor vessel. This distance indicated by the let- 
ter "A" in the drawing is set on the basis of the flow rate 
to riser. In the interest of minimizing the dilute volume 
of catalyst in the reactor vessel, distance "A" should be 
kept as short as possible. Nevertheless, there is need 
for some space between the end of the riser to avoid 
direct impingement and the resulting erosion of the top 
of the reactor vessel and to allow the discharge of cat- 
alyst from the end of the riser to provide a separation 
while preventing the reentrainment of catalyst particles 
that are separated by the initial discharge from the riser 
with the gas stream that is collected from the upper sec- 
tion of the reactor vessel. Since the reactor riser is usu- 
ally designed for a narrow range of exit velocities be- 
tween 20 to 100 ft/sec (6.1 to 30.5 m/sec), distance "A" 
can be set on the basis of riser outlet diameter. In order 
to avoid erosion of the upper surface of the reactor ves- 
sel and to promote the initial separation of the catalyst 
from the gaseous components, the distance "A" should 
be at least one outlet diameter or more. The avoidance 
of catalyst re-entrainment after discharge of the riser is 
influenced by both the riser velocity and the flowing den- 
sity of the catalyst as it passes downwardly through the 
reactor vessel. For most practical ranges of catalyst 
density in the riser, the distance of 1 .5 to 1 2 riser outlet 
diameters, and more preferably 1 .5 to 6 riser diameters, 
for dimension "A" is adequate for a flowing catalyst den- 
sity, often referred to as "catalyst flux", of about 50 - 200 
lb/ft 2 /sec. (244 - 976 kg/nr^/sec). 

The total dilute phase volume in the reactor vessel 
is determined by the diameter of the reactor vessel, the 
distance from the end of the riser to the top of the reactor 
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vessel, dimension "A", and the distance from the dis- 
charge end of the riser to the top of the dense bed level 
in the reactor vessel which is shown as dimension "B" 
in the Figure In order to prevent re-entrainment of cat- 
alyst particles into the gases that are withdrawn from the 
reactor vessel, a minimum distance is required from the 
top of the reactor riser to the top of the catalyst bed level 
This dimension is primarily influenced by the superficial 
velocity of the gases that flow upwardly through dense 
bed 50 In order to minimize the potential for re-entrain- 
ment of the gaseous compounds passing through bed 
50, the superficial velocity is typically below 0 5 ft/sec (. 
15 m/sec). The gaseous components passing upward 
through bed 50 are made up of stripping fluid and hy- 
drocarbons that are desorbed from the surface of the 
catalyst The amount of stripping gas that enters the 
stripping vessel is usually proportional to the volume of 
voids in the catalyst For most reasonable catalyst to oil 
ratios in the riser, the amount of stripping gas that must 
be added to displace the void volume of the catalyst will 
not exceed 6 wt% of the feed rate. Accordingly, the rel- 
ative ratio of catalyst passing downwardly through the 
reactor vessel and the stripping fluid as well as other 
displaced hydrocarbons flowing upwardfy through the 
reactor vessel will remain relatively constant. Thus, the 
primary variable in controlling the superficial gas veloc- 
ity upward through the dense catalyst bed is the diam- 
eter of the reactor vessel. As long as the superficial ve- 
locity of the gases rising through bed 50 are kept in a 
range below 0,5 ft/sec (. 1 5 m/sec) and preferably below 
about 0.1 ft/sec (.03 m/sec), a distance a B m of 2 to 8 feet 
(.6 to 2.4 m) will prevent re-entrainment of the catalyst 
and the gases that are leaving the reactor vessel. For 
most reactor risers, the 2 to 8 feet will equal approxi- 
mately 1 to 4 riser outlet diameters. 

The manner in which the gaseous vapors are with- 
drawn from the dilute phase volume of the reactor vessel 
will also influence the initial separation and the degree 
of re-entrainment that is obtained in the reactor vessel. 
In order to improve this disengagement and avoid re- 
entrainment, the Figure shows the use of an annular col- 
lector 92 that surrounds the end 30 of the riser. Collector 
92 is supported from the top of the reactor vessel 34 by 
withdrawal conduits 36. Withdrawal conduits 36 are 
symmetrically spaced around the annular collector and 
communicate with the annular collector through a 
number of symmetrically spaced openings to obtain a 
balanced withdrawal of gaseous components around 
the entire circumference of the reactor riser. All of the 
stripping gas and gaseous components from the reactor 
riser are withdrawn by annular collector 92 for the proc- 
ess arrangement shown in the Figure. All of the product 
gases from conduits 36 are transferred to the cyclones 
42 

The Figure shows an arrangement for transferring 
gases from the conduits 36 to the cyclones that avoids 
a mal -distribution of the catalyst and gas mixture to the 
different cyclones. The simplest way to connect the gas 



conduits with the cyclones is to directly couple one con- 
duit to a corresponding cyclone. This arrangement 
would also have the advantage of minimizing the flow 
path between the annular collector of the riser and the 

5 cyclones where the final separation of catalyst and gas 
is performed. However, for reasons unknown, it has 
been found that mixtures of catalyst and gas that are 
taken from the reactor through a series of conduits may 
preferentially flow to one conduit. The resulting heavier 

10 loading of catalyst and gas can overload the cyclone to 
which it is directed. For this reason, the Figure shows 
the use of a chamber 38 that commonly collects the gas 
from all cyclone conduits 36 and redistributes the gas to 
the individual cyclones Although providing chamber 38 

is and T-section 40 increases the residence time for the 
catalyst and gas mixture as it flows from the reactor ves- 
sel to the cyclone inlets, this minor increase in residence 
time will not have a substantial impact on the quality of 
the product recovered from the cyclones. The avoid- 

20 ance of mal-distribution may also be accomplished by 
the use of a catalyst and gas separation device other 
than cyclones. 

Catalyst recovered by the cyclones can be returned 
to the process at any convenient location. Whatever 

2S type of gas and catalyst separation device is utilized, the 
catalyst separated therefrom is returned to the process 
The catalyst may be returned to any point of the process 
that puts it back into the circulating inventory of catalyst. 
The drawing shows the use of conventional cyclones 

30 with the dip legs 48 returning near the upper bed level 
51 of dense bed region 50. Preferably, the catalyst will 
be returned to the dense bed in the reactor vessel or 
stripping vessel 

With the cyclones removed from the reactor vessel, 

35 the diameter of the reactor vessel is no longer affected 
by the need to provide adequate space for a separation 
device therein. Accordingly, the diameter of the reactor 
vessel can be set on the basts of the superficial velocity 
of gas passing upward through the dense bed and the 

40 catalyst flux entering the reactor vessel. The criteria for 
both of these parameters, as previously discussed, will 
permit the use of a smaller reactor diameter than has 
been found in the prior art The smaller reactor vessel 
diameter further decreases the volume of the dilute 

45 phase in the reactor vessel. When this invention is used 
with a new reactor vessel, the diameter can be kept low 
enough such that the average residence time in the di- 
lute phase of the reactor vessel will be less than three 
seconds. Again, since the superficial velocity and cata- 

so |yst flux are influenced by a well-known range of catalyst 
density and velocity conditions in the riser, the diameter 
of the reactor vessel when initially designed in accord- 
ance with this invention will preferably be between three 
and five times the outlet diameter of the riser. Alternately 

ss the dilute phase volume of the reactor vessel above the 
top of the catalyst bed can be kept to less than five times 
the volume of the reactor riser through which the feed 
passes. 
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Catalyst that is initially separated from the gaseous 
components as it enters the reactor vessel, passes 
downwardly through the vessels as previously de- 
scribed. As this catalyst progresses through the vessel, 
it preferably contacts a series of baffles that improve the 
contact of the catalyst with a stripping gas that passes 
upwardly through the vessel In the embodiment of the 
invention shown in the Figure, the catalyst passes 
through a stripping section in the upper portion of the 
vessel and a separate stripping vessel located therebe- 
low The Figure shows the baffles 56 and 62 located on 
the exterior of the vessel walls and baffles 58 and 60 
located down the length of the riser through the lower 
portion of the reactor vessel and the stripping vessel 
These stripping baffles function in the usual manner to 
cascade catalyst from side to side as it passes through 
the vessel and increase the contact of the catalyst par- 
ticles with the stripping steam as it passes upward in 
countercurrent contact with the catalyst. Dense bed 50 
has a relatively long length in reactor vessel 34. There 
is no requirement for a long dense bed length in the re- 
actor vessel and the dense bed length shown in the Fig- 
ure stems from the type of arrangement depicted in the 
Figure. The Figure depicts a retrofit of this invention into 
an existing regeneration and reactor section where the 
tangent length of the reactor vessel was set by the pre- 
vious arrangement that place the cyclone separators in- 
side the reactor vessel. When the method of this inven- 
tion is employed in the initial design of a reactor vessel, 
the tangent length can be substantially reduced so that 
upper bed level 51 is near the top of a stripper vessel 

Nevertheless, the height of the dense catalyst bed 
in the reactor 34 increases the total height of the dense 
phase catalyst above control valve 66. This additional 
height of dense bed catalyst can be used advanta- 
geously in the FCC process. First, the additional length 
of dense bed catalyst provides an elongated region for 
increased contact between the stripping fluid and the 
catalyst. Therefore, a greater degree of stripping can be 
obtained by the extended length of the dense catalyst 
bed. In addition, the hydrostatic head of catalyst from 
the top surface 51 to control valve 66 produces a rela- 
tively high pressure drop between control valve 66 and 
bed level 51 . This pressure drop can total 7 psi (48 kPa) 
or more. This additional pressure allows the regenerator 
to be operated at a higher pressure than the reactor sec- 
tion. As previously described, there are substantial ben- 
efits to operating the regeneration zone at higher pres- 
sures and the reaction zone at lower pressures. 

The additional height of dense bed can also be used 
to incorporate a hot stripping section. The hot stripping 
section will utilize catalyst from the regeneration zone 
to supply heat to the stripping section and increase the 
de sorption of hydrocarbons and volatile components 
from the surface of the catalyst. A suitable lift system 
can be used to transport the catalyst upward from the 
regeneration zone into a stripping zone at a desired el- 
evation. 
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The catalyst is withdrawn from the stripping zone 
and transferred to a regeneration zone Any well-known 
regenerator arrangement for removing coke from the 
catalyst particles by the oxidative combustion of coke 
5 and returning catalyst particles to the reactor riser can 
be used 



Claims 

10 

1 . A process for the fluidized catalytic cracking (FCC) 
of an FCC feedstock, said process comprising: 

a) passing said FCC feedstock and catalyst 
is particles to a reactor riser having a riser outlet 

diameter and transporting said catalyst and 
feedstock upwardly through said riser thereby 
converting said feedstock to a gaseous prod- 
ucts and producing spent catalyst particles by 
20 the deposition of coke on said catalyst parti- 

cles; 

b) discharging a first mixture of spent catalyst 
particles and gaseous products in an upward 

25 direction into a reactor vessel from a discharge 

end of said riser located from 5 to 12 riser outlet 
diameters below the upper end of said reactor 
vessel thereby providing an initial separation of 
the spent catalyst from the gaseous products; 

30 

c) passing separated catalyst downward 
through said reactor vessel; 

d) maintaining said separated catalyst in said 
35 reactor vessel as a dense catalyst bed to form 

a stripping zone and passing a stripping gas up- 
ward through the stripping zone; 

e) maintaining the upper surface of said dense 
40 catalyst bed a distance of between one to four 

riser outlet diameters below said riser dis- 
charge; 

f) passing stripped catalyst from said stripping 
45 zone into a regeneration zone and contacting 

said spent catalyst with a regeneration gas in 
said regeneration zone to combust coke from 
said catalyst particles and produce regenerat- 
ed catalyst particles for transfer to said reactor 
so riser, and, 

g) withdrawing a second mixture of gaseous 
products, stripping fluid, and spent catalyst par- 
ticles from said reactor vessel and transferring 

55 said mixture to a particle separator located out- 

side of the reactor vessel and separating gas- 
eous components from said spent catalyst par- 
ticles in said separator zone. 
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2. The process of claim 1 wherein said first mixture is 
discharged from said riser at a vekxity in a range 
of from 20 to 100 ft/sec (6 1 to 30 5 m/sec) 

3. The process of claim 1 wherein said second gas 
mixture is withdrawn from an annular collector that 
surrounds said outlet end of said riser and said par- 
ticle separators comprise at least onecyclone. 

4. The process of claim 1 wherein the gaseous prod- 
ucts discharged in step (b) have an average resi- 
dence time of less than three seconds in said reac- 
tor vessel 

5. The process of claim 1 wherein said reactor vessel 
has a diameter that is between three and five times 
the outlet diameter of said riser. 



separation device comprises at least one cyclone 
separator located outside of said reactor vessel and 
said means for collecting a mixture of gas and cat- 
alyst includes an annular collector that surrounds 
s the outlet end of said riser 

10. The apparatus of claim 8 wherein a dip leg commu- 
nicates catalyst from each catalyst outlet to said re- 
actor vessel and the outlet of each dip leg is located 

10 below satd riser outlet 

1 1 . The process of claim 1 wherein the dilute phase vol- 
ume of said disengaging zone above the top of said 
catalyst bed is less than 5 times the volume of said 

15 reactor riser between the point where the feed en- 
ters the riser and said discharge end. 



6. The process of claim 1 wherein the pressure drop 
in said reactor vessel from the bottom to the top of 
said dense bed is at least 7 psi (48.3 kPa). 

7. The process of Claim 1 wherein separated catalyst 
passes downward through said reactor vessel at an 
average rate of less than 20 lb/ft 2 -sec (98 kg/m 2 / 
sec) and the stripping gas passes upwardly through 
the reactor vessel at an average superficial velocity 
of less than. 5 .5 ft/sec (.15 m/sec); 

8. An apparatus for the fluidized catalytic cracking of 
an (FCC) feedstock, said apparatus comprising: 

a) an upwardly directed riser conduit having an 
upwardly directed outlet end having an equiva- 
lent outlet diameter; 

b) a reactor vessel surrounding said outlet end 
and having an upper end located 1 to 12 riser 
outlet diameters above said outlet end; 

c) a gas solids separation device located out- 
side of said of said reactor vessel having an in- 
let, a gas outlet, and a solids outlet; 

d) means for collecting a mixture of gas and cat- 
alyst from an upper portion of said reactor ves- 
sel and communicating said mixture of catalyst 
and gas to the inlet of said separation device; 

e) means for introducing a gaseous stripping 
medium into the reactor vessel below the outlet 
end; and 

f) means for returning catalyst particles from 
said collector and from the bottom of the disen- 
gaging vessel to said reactor vessel. 

9. The apparatus of claim 8 wherein said gas solid 



Patentanspruche 

20 

1. Verfahren fur das fluidisierte katalytische Kracken 
(FCC) einer FCC-Beschickung, bei dem man: 

a) die FCC-Beschickung und Katalysatorteil- 
25 chen zu einem Reaktorsteigrohr mit einem 

SteigrohrauslaGdurchrnesserfuhrt und den Ka- 
talysator und die Beschickung auf warts durch 
das Steigrohr transportiert und dabei die Be- 
schickung in gasformige Produkte umwandelt 
30 und durch die Ablagerung von Koks auf den Ka- 

talysatorteilchen verbrauchte Katalysatorteil- 
chen erzeugt, 

b) ein erstes Gemisch von verbrauchten Kata- 
lysatorteilchen und gasformigen Produkten in 

35 einer Aufwartsrichtung in einen Reaktorbehal- 

ter von einem Austragende des Steigrohres, 
das 5 bis 12 SteigrohrauslaBdurchmesser un- 
terhalb des oberen Endes des Reaktorbe hal- 
ters liegt, austragt und dabei eine anfangliche 
40 Trennung des verbrauchten Katatysators von 

den gasformigen Produkten bewirkt, 

c) abgetrennten Katalysator abwarts durch den 
Reaktorbehatter fOhrt, 

d) den abgetrennten Katalysator in dem Reak- 
45 torbehalter als ein dichtes Katalysatorbett halt, 

urn eine Ausstreifzone zu bilden, und ein Aus- 
streifgas aufwarts durch die Ausstreifzone 
fuhrt, 

e) die obere Oberflache des dichten Katalysa- 
so torbettes in einem Abstand zwischen einem 

und vier SteigrohrauslaBdurchmessem unter- 
halb des Steigrohraustrages halt. 

f) ausgestrerften Katalysator aus der Ausstreif- 
zone in eine Regenerierzone fuhrt und diesen 

55 verbrauchten Katalysator in der Regenerierzo- 

ne mit einem Regeneriergas in Beruhrung 
bringt, urn Koks von den Katalysatorteilchen 
abzubrennen und regenerierte Katalysatorteil- 



30 



35 



40 



45 



so 



9 




17 EP0 564 

chen fur eine 

Uberfuhrung zu dem Reaktorsteigrohr zu er- 
zeugen, und g) em zweites Gemisch von gas- 
formigen Produkten, Ausstreifflutd und ver- 
brauchten Katalysatorteilchen aus dem Reak- 5 
torbehalter abzieht und dieses Gemisch zu ei- 
ner aufterhalb des Reaktorbe hatters liegenden 
Teflchenabtrenneinrichtung uberfuhrt und gas- 
formige Komponente von den verbrauchten 
Katalysatorteilchen in der Trennzone abtrennt 10 

2. Verfahren nach Anspruch 1 , bei dem man das erste 
Gemisch aus dem Steigrohr mil einer Geschwindig- 
keit im Bereich von 20 bis 100 ft/sec (6,1 bis 30,5 
m/sec) austragt. 75 

3. Verfahren nach Anspruch 1 , bei dem man das zwei- 
te Gasgemisch aus einem ringformigen Sammler 
abzieht, der das AuslaBende des Steigrohres um- 
gibt, und daft die Teilchentrennvorrichtungen we- 20 
nigstens einen Zyklon umfassen. 

4. Verfahren nach Anspruch 1 , bei dem die in Stufe (b) 
ausgetragenen gasformtgen Produkte eine mrttlere 
Verweilzeit von weniger als 3 Sekunden in dem Re- 25 
aktorbehalter haben. 

5. Verfahren nach Anspruch 1, bei dem der Reaktor- 
behalter einen Durchmesser hat, der zwischen dem 
Dreifachen und Funffachen des Auslaftdurchmes- 30 
sers des Steigrohres liegt. 

6. Verfahren nach Anspruch 1 , bei dem der Druckab- 
fall in dem Reaktorbehalter vom Boden bis zum 
oberen Ende des dichten Bettes wenigstens 7 psi 36 
(48,3 kPa) betragt. 

7. Verfahren nach Anspruch 1, bei dem der abge- 
trennte Katalysator abwarts durch den Reaktorbe- 
halter mit einer durchschnittlichen Geschwindigkeit *o 
von weniger als 20 ftVft 2 -sec (98 kg/m?/sec) geht 
und das Ausstreifgas aufwarts durch den Reaktor- 
behalter mit einer durchschnittlichen Oberflachen- 
geschwindigkeit von weniger als 0,5 ft/sec (0,15 nV 
sec) geht. 46 

8. Vorrichtung fur das fluidisierte katalytische Kracken 
einer (FCC)-Beschickung mit 

a) einer aufwarts gerichteten Steigrohrleitung so 
mit einem nach oben gerichteten AuslaBende 

mit einem aqurvalenten AuslaBdurchmesser, 

b) einem Reaktorbehatter, der dieses 
AuslaBende umgibt und ein 1 bis 12 
SteigrohrauslaBdurchmesser obemalb des ss 
AuslaBendes liegendes oberes Ende hat, 

c) einer Gas-Feststoff-Trennvorrichtung, die 
auBerhalb des Reaktorbehalters angeordnet 
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ist und einen EinlaB, einen Gasauslaft und ei- 
nen FeststoffauslaB besitzt, 

d) einer Einrichtung zum Sammeln etnes Ge- 
misches von Gas und Katalysator von einem 
oberen Abschnitt des Reaktorbehalters, die 
das Gemisch von Katalysator und Gas mit dem 
EinlaB der Trennvorrtchtung verbindet, 

e) einer Einrichtung zum Einfuhren eines gas- 
formigen Ausstreifmediums in den Reaktorbe- 
halter unterhalb des AuslaBendes und 

f) einer Einrichtung zur Ruckfuhrung von Kata- 
lysatorteilchen von der Sammeleinrtchtung und 
vom Boden des Trennbehalters zu dem Reak- 
torbehalter 

9. Vorrichtung nach Anspruch 8, bei der die Gas-Fest- 
stoff-Trennvorrichtung wenigstens eine auBerhalb 
des Reaktorbehalters liegende Zyklontrennvornch- 
tung umfaftt und die Einrichtung zum Sammeln ei- 
nes Gemisches von Gas und Katalysator eine ring- 
formige Sammeleinrichtung einschlieftt, die das 
AuslaBende des Steigrohres umgibt. 

10. Vorrichtung nach Anspruch 8, bei der ein Tauchrohr 
Katalysator von jedem Katafysatorausiaft mit dem 
Reaktorbehalter verbindet und der AuslaB eines je- 
den Tauchrohres unterhalb des Steigrohra us lasses 
liegt. 

11. Verfahren nach Anspruch 1 , bei dem das Vblumen 
der verdunnten Phase der Trennzone obertialb des 
oberen Endes des Katalysatorbettes geringer als 
das Funffache des Volumens des Reaktorsteigroh- 
res zwischen dem Punkt, wo die Beschickung in das 
Steigrohr eintritt, und dem Austragende ist. 



Revendlcations 

1. Precede de craquage catalytique en lit flukJisd 
(FCC) d'une charge d'alimentation FCC, ledit pro- 
cede comprenant les dtapes suivantes : 

a) on fait passer iadite charge d'alimentation 
FCC et des part icu les de catalyseur dans la 
conduite montante d*un reacteur ayant un dia- 
metre de sortie de la conduite montante et on 
transporte ledit catalyseur et Iadite charge d'ali- 
mentation vers le haul a t ravers Iadite conduite 
montante, de maniere a convertir Iadite charge 
d'alimentation en prod u its gazeux et a produire 
des particules de catalyseur epuise par le depot 
de coke sur lesdites particules de catalyseur, 

b) on decharge un premier melange des parti- 
cules de catalyseur epuise et des produits ga- 
zeux vers le haut dans une cuve de reacteur 
depuis une extrdmite de decharge de Iadite co- 
lonne montante situee a 5 a 12 diametres de 
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2. 



5. 



sortie de la conduite montante en dessous de 
rextremite superieure de ladite cuve de reac- 
teur de maniere a effectuer une separation ini- 
tiate du catalyseur epuise des produits gazeux, 

c) on fait passer le catalyseur separe vers le 
bas a travers tadite cuve de reacteur 

d) on maintient ledit catalyseur separe dans la- 
dite cuve de reacteur sous la forme d'un lit de 
catalyseur dense pour former une zone de 
strippage et on fait passer un gaz de strippage 
vers le haut a travers la zone de strippage, 

e) on maintient la surface superieure dudit lit de 
catalyseur dense a une distance comprise en- 
tre un et quatre diametres de sortie de la con- 
duite montante en dessous de ladite decharge 
de la conduite montante, 

f) on fait passer le catafyseur strippe de ladite 
zone de strippage a une zone de regeneration 
et on met en contact ledit catafyseur epuise 
avec un gaz de regeneration dans ladite zone 
de regeneration pour bruler le coke desdites 
particules de catafyseur et produire des parti- 
cules de catalyseur regenere qui seront trans- 
ferees a ladite conduite montante du reacteur, 
et 

g) on retire un second melange de produits ga- 
zeux, de fluide de strippage et de particules de 
catafyseur epuise de ladite cuve de reacteur, 
on transfer© ledit melange dans un separateur 
de particules situe au-dessous de la cuve de 
reacteur et on separe les composants gazeux 
desdites particules de catalyseur epuise dans 
ladite zone de separation. 

Precede seton la revendication 1 , dans lequel ledit 
premier melange est decharge de ladite conduite 
montante a une Vitesse de 6,1 a 30,5 m/sec (20 a 
100 pieds/seconde). 

Precede seton la revendication 1 , dans lequel ledit 
second melange de gaz est retire d'un collecteur 
annulaire qui entoure ladite extremite de sortie de 
ladite conduite montante et lesdits separateurs de 
particules comprennent au moins un cyclone. 

Precede selon la revendication 1 , dans lequel les 
produits gazeux decharg6s a T6tape (b) ont un 
temps de sejour moyen de moins de trois secondes 
dans ladite cuve de reacteur. 

Precede selon la revendication 1 , dans lequel ladite 
cuve de reacteur a un diametre qui se situe entre 
trots et cinq fois le diametre de sortie de tadite con- 
duite montante. 

Precede selon la revendication 1, dans lequel la 
chute de pression dans ladite cuve de reacteur du 
fond au sommet dudit lit dense est d'au moins 48,3 



kPa (7 psi) 

7. Procede selon la revendication 1 1 dans lequel le ca- 
talyseur separe passe de haut en bas a travers la- 

5 dite cuve de reacteur a un debit moyen inferieur a 

98 kg/m 2 /sec (20 livres/pied carre-sec) et le gaz de 
strippage passe de bas en haut a travers la cuve de 
reacteur a une Vitesse de surface moyenne mfe- 
rieure a 0,15 m/sec (0,5 pied/sec). 

w 

8. Appareil de craquage catalytique en lit fluidise d'une 
charge d'alimentation (FCC), ledit appareil 
comprenant : 

15 a) une conduite montante dirigee vers le haut, 

ayant une extremite de sortie dirigee vers le 
haut ayant un diametre de sortie equivalent, 

b) une cuve de reacteur entourant ladite extre- 
mite de sortie et ayant une extremite superieure 

20 situ6e 1 a 1 2 diametres de sortie de la conduite 

montante au-dessus de ladite extremite de sor- 
tie, 

c) un dispositif de separation solides-gaz situe 
a Texterieur de ladite cuve de reacteur, ayant 

25 une entree, une sortie de gaz et une sortie de 

solides, 

d) des moyens pour recueillir un melange de 
gaz et de catalyseur d'une partie superieure de 
ladite cuve de r6acteur et pour mettre en com- 

30 munication ledit melange de catafyseur et de 

gaz avec Pentr6e dudit dispositif de separation, 

e) des moyens pour introduire un agent de 
strippage gazeux dans la cuve de reacteur en 
dessous de rextremite de sortie, et 

55 f) des moyens pour renvoyer les particules de 

catalyseur dudit collecteur et du fond de la cuve 
de degagement a ladite cuve de reacteur. 

9. Appareil seton la revendication 8, dans lequel ledit 
40 dispositif de separation solides-gaz comprend au 

moins un separateur a cyclone situe a I'extdrieur de 
ladite cuve de r6acteur et lesdits moyens pour re- 
cueillir un melange de gaz et de catalyseur com- 
prennent un collecteur annulaire qui entoure I'extre- 
^5 mite de sortie de ladite conduite montante. 

10. Appareil selon la revendication 8, dans lequel un 
element de conduite immerg6 fait communiquer le 
catalyseur tssu de chaque sortie de catalyseur avec 

50 ladite cuve de reacteur et la sortie de chaque ele- 
ment de conduite immerg6 est situee en dessous 
de ladite sortie de la conduite montante. 

1 1 . Procede selon la revendication 1 , dans lequel le vo- 
55 lume de la phase dilu6e de ladite zone de degage- 
ment au-dessus du sommet dudit lit de catalyseur 
est inferieur a 5 fois le volume de ladite conduite 
montante du reacteur entre le point ou I'alimentation 
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p6n6tre dans la conduite montante et ladite extr6- 
mite de decharge 
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